ABSTRACT: Thirty-two sheep individuals from Jordan and Kingdom of Saudi Arabia (KSA) were randomly sampled in order to reconstruct phylogeny trees. A region of nuclear DNA sequenced using the T7 promoter. phylogenetic trees were reconstructed from 0.64 kb DNA sequences using maximum likelihood, neighbor-joining and UPGMA trees. The maximum likelihood tree indicated three major clusters separated by cytosine (C) and thymine (T). The greatest distance was shown between the South sheep and North sheep. On the other hand, the KSA sheep showed shorter evolutionary distance to the North sheep than to the others. The neighbor-joining and UPGMA trees showed quite reliable clusters of evolutionary differentiation of Jordan sheep from the Saudi sheep. The overall results support geographical information and ecotypes of the sheep populations studied and provide information about the genetic relatedness and phylogeny of Awassi sheep in nearby Arab countries.
Introduction
Awassi sheep is a dominant fat-tailed breed with great adaptability to tropical environmental conditions (Galal et al., 2008) . They are often used as a triple purpose sheep, better for milk production in Arab and Mediterranean countries where they were domesticated. At the present time, Awassi sheep of Arab countries are expected to be most closely related to their ancestors of the Mediterranean area (Piper and Ruvinsky, 1997) . However, there is not enough published data on Awassi sheep ancestry, phylogeny, biodiversity in Arab countries. The use of advanced molecular DNA sequence technology has provided wide opportunities to analyze genetic relatedness at the DNA level in animals. It has, on the other hand, a successful role in determining biodiversity and genetic relationships between sheep populations. Evolutionary studies of many have been reported, covering evolutionary distance and phylogeny utilizing a DNA sequencing approach such that using bacteriophage T7 universal promoter (Dunn and Studier, 1983) . The sequencing technology was widely used to study evolutionary distances and then to reconstruct phylogenies between and within different species or/and populations (Roderick and Holmes, 2009 ). This study aimed to reconstruct reliable molecular phylogenies for Awassi sheep populations from Jordan with Awassi sheep from the Kingdom of Saudi Arabia (KSA) using DNA sequencing technology.
Materials and Methods
Sheep populations and sample collection. Thirty-two sheep individuals were randomly sampled from Jordan and KSA. Out of twenty-five Jordan Awassi sheep individuals, ten, nine and six unrelated individuals represented sheep populations of the South, Middle and North geographical parts of Jordan, respectively. In addition, seven unrelated individuals represented an outgroup population of Awassi sheep (Naemi) from a central region of KSA. A tissue sample of approximately 0.1 cm was taken from each individual and then stored in a deep freezer at -20 o C until DNA extraction was performed.
DNA extraction, quantification and sequencing. DNA extraction was performed using a commercially available kit/protocol of E.Z.N.A ® MicroElute Genomic DNA extraction; OMEGA Bio-Tek. Concentrations of DNA were estimated with a Nano-DNA spectrophotometer in which the quality of DNA was evaluated using the A260/A280 ratio. Each sample was diluted to give a DNA concentration of 10ng/µL. DNA sequencing service was provided by Macrogen ® (www.macrogen.com) incorporating an universal primer T7 promoter (5′-TAATACGACTCACTATAGGG-3′) for sequencing nuclear conserved region of nuclear DNA. An example of nucleotide sequencing is shown in Figure 1 . PCR reaction was performed using a high-throughput Applied Biosystems 3730XL sequencer.
Analysis of DNA sequences. Resulting DNA sequences were edited and assembled into contiguous sequences of 640bp using the MEGA program, version 5 (Tamura et al., 2011) . The resulting DNA sequence information was analyzed for basic evolutionary analyses as detailed by Saitou and Nei (1987) . Common analyses were evolutionary distances and phylogenetic reconstructions recommended by Kumar and Gadagkar (2001) .
Results and Discussion
Basic evolutionary analyses. The results showed that the general time reversible (GTR) distance method was the best followed by the Hasegawa-Kishino-Yano (HKY) method (Table 1 ). The GTR model had the lowest Bayesian information criterion (BIC) score which was considered the best substitution pattern. In GTR distance model, the analysis involved the four nucleotide sequences and codon positions, including 1st, 2nd, 3rd and noncoding. The frequency of each nucleotide of adenine (A), cytosine (C), guanine (G) and thymine (T), was 0.28, 0.255, 0.2 and 0.265, respectively. Whereas the rate of nucleotide substitution ranged from 0.039 (GC) to 0.125 (GT). As a consequence, the substitution pattern tests of homogeneity between sequences were performed to choose the best test to compute evolutionary distances between the sheep populations. The tests performed were pattern disparity index, maximum likelihood estimate of substitution matrix and maximum composite likelihood method. Table 1 shows the values of the base composition bias disparity between and within sequence pairs in all populations studied. The highest value was between KSA sheep (outgroup) with the Jordan South sheep, indicating the largest differences in base composition of the sequence pairs. However, the lowest value was found between the KSA Awassi sheep with Jordan Middle sheep. On the other hand, values of base composition bias disparity within sequences in all populations were lowest in the Middle sheep and largest in the North sheep. This might be a result of high heterogeneous substitution patterns found within North sheep population. Estimating evolutionary distances. Analyses were conducted using the maximum composite likelihood model (Tamura et al., 2004) . The number of base substitutions per site between sequences revealed reliable differences between the studied population. The results showed that the lowest number of base substitutions per site and the shortest genetic distance was between the North sheep population and KSA sheep population (outgroup) (0.545). This revealed that the two were much more closely related to each other than to the other groups. On the other hand, the North sheep showed closer evolutionary distance to the South sheep population (0.619) than to the Middle sheep population (0.643).Quite reliable differences found between the KSA sheep outgroup population with the Middle sheep population (0.580), where the greatest distance was between the KSA sheep and South sheep (0.901). It could be assumed that the substitution rate of bases per site between the North sheep and KSA sheep was low for the DNA sequences studied. Furthermore, it should be noted that there Figure 1 . An example of nucleotide sequencing of nuclear DNA using T7 primer. base substitutions rates for each was a possibility of closer ancestry and low selection sites in the sequence studied between those two populations in comparison with others. This is in agreement with the geographical information about these two populations and their common origin of the junction of north-east parts of Jordan and KSA (FAO, 1985) .The possibility of common ancestry could go back centuries where the nomadic system of sheep production was dominant when nomads moved with their flocks all the year round looking for water and range for their animals in both parts of the countries in the Syrian desert. Currently, the transhumant system is still widely used across borders following certain routes of migration of residential tribes in region countries towards the east and of the west sides (Valle Zerate et al., 2006) . In addition, it is well know that Awassi lamb sheep from Jordan and Syria are exported to KSA for fattening and meat marketing, accounting for recent gene flow (Bourn, 2003) . Gene flow was most commonly noted in sheep between breeds of domestic sheep from Asia and Europe.
Phylogeny tree reconstruction. Reconstruction of the evolutionary history of populations is currently one of the most important subjects in molecular evolution. The reliable phylogenies shed light on the sequence of evolutionary events that generated the present day diversity and help to understand the mechanisms and history of evolution. Phylogenetic relationships of the sheep populations under investigation were described in a treelike form with a root utilizing three methods for constructing phylogenetic trees from molecular sequencing data. They are maximum likelihood, neighborjoining and UPGMA. The phylogenetic trees in Figures 2, 3 and 4 revealed a considerable degree of differentiation of populations, supporting the results of evolutionary distances presented in Table 1 . Overall, on basis of the results of the three phylogenetic methods, there is high evolutionary differentiation in Awassi sheep populations. Similar results were reported earlier in which the genetic phylogeny of Awassi sheep population was high when compared to different world sheep (Arranz et al., 2001) . Furthermore, an example of a phylogenetic tree study among some geographical Awassi sheep ecotypes was also reported (AlAtiyat, 2010; Musthafa et al., 2012) . The reconstruction of three major phylogentic trees indicated that the most interesting population was the KSA sheep that shared close phylogeny with the North sheep ( Figure 3 ) and Middle sheep (Figures 3 and 4) . Furthermore, sequence comparisons showed that Awassi as one Asian sheep and European domestic sheep differed by 4.43% as separate lineages (Hiendleder et al., 1998) . The Awassi sheep sequence diverged from Mouflon sheep by 4.52%, supporting the hypothesis that some modern domestic sheep and European Mouflon derive from a common ancestor and providing evidence of an additional wild ancestor from Asia. Another study suggested that some mitochondrial lineage sheep arrived in northern Europe from the Near East fat-tailed sheep across Russia (Tapio et al., 2006) .
Conclusion
The three Jordan Awassi sheep populations were evolutionarily separated from the KSA Awassi. There was no distinctive phylogenetic branching of population clustering topology considering the different models applied. The maximum composite likelihood method was considered the best substitution pattern test of homogeneity between sequences to compute evolutionary distances between the populations studied. The overall results support geographical information and ecological types of sheep populations from the countries of the study. On the other hand, the overall results may contribute to the limited information of genetic diversity and relatedness of Awassi sheep populations in Arab countries. 
